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Mutation of a novel fission yeast formin, for3p, leads
to marked changes in both the actin and microtubule
cytoskeleton, as well as a surprising asymmetric
pattern of cell growth. At the same time, new work in
budding yeast implicates formins directly in actin fil-
ament assembly.
Formins are members of a widely conserved protein
family implicated in cytoskeletal organization in cytoki-
nesis and/or cell polarity in many organisms [1]. They all
have three specific formin homology (FH) domains —
FH1, FH2 and FH3 (see Figure 1) — and are activated
by binding to Rho family GTPases, which is thought to
relieve an intramolecular autoinhibition [2,3]. While
some molecular roles for formins are well-established,
including the binding of the FH1 domain to the actin-
associated protein profilin [1], the participation of
formins in many different actin-related processes has
left open the question as to whether they are multi-
functional proteins or whether they perform a primary
mechanistic function that is subject to many levels of
regulation. New work of Feierbach and Chang [4], pub-
lished recently in Current Biology, presents a charac-
terization of the novel formin for3p in the fission yeast
Schizosaccharomyces pombe which is of particular
interest. Complete loss of for3p function leads to strik-
ing changes in the cytoskeleton and an unusual
pattern of polarized growth. Because for3+ is a non-
essential gene in fission yeast, this will present an
excellent opportunity to dissect formin function in a
context that is as close to physiological as possible.
Pointing the way in this direction, new results from
work on the budding yeast Saccharymyces cerevisiae
[5,6] indicate very clearly that formins have an immedi-
ate role in actin filament assembly.
Examination of the nearly complete S. pombe
genome sequence identified for3p in addition to the
two fission yeast formins which have been already
characterized — cdc12p, an essential protein which
plays a role in formation of the contractile actin ring
during cytokinesis [7], and fus1p, a non-essential
protein which is required for organization of the actin
cytoskeleton at cell tips during mating [8]. Cells from
which for3+ has been deleted are able to mate and
divide, albeit with a generation time longer than
normal. However, careful observation of for3∆ mutants
revealed an unexpected cell polarity phenotype during
normal vegetative growth. After symmetric, medial cell
division in wild-type S. pombe (the ‘fission’ in fission
yeast), the two daughter cells normally exhibit equiva-
lent patterns of extensile growth. Early in the cell
cycle, growth is restricted to the ‘old’ ends of the
daughter cells — those ends which already existed in
the mother cell — and only later in the cell cycle does
extensile growth initiate at ‘new’ ends — those created
by septation of the mother cell (see Figure 2, wild-type
cells). The spatial and temporal controls acting upon
this switch from monopolar to bipolar growth — also
known as NETO, for New-End Take-Off — are not well
understood, although several mutants exist in which
growth patterns are altered [9–11] . In any case, even
when NETO is defective in one or another form, the
two daughter cells have always appeared to be func-
tionally equivalent.
The analysis of the for3∆ mutant suggests, however,
that S. pombe daughters do not necessarily always
have equivalent fates, and that one function of for3p is
precisely to maintain their equivalence [4]. After cell divi-
sion in 85% of for3∆ mutant cells, one of the daugh-
ters immediately initiates growth at both the old and
the new end, rather than at the old end only, while the
other daughter never initiates growth at its new end
(see Figure 2, for3∆ cells). Moreover, when these daugh-
ters themselves eventually divide to produce grand-
daughters, this non-equivalence is recapitulated, such
that one granddaughter from each daughter exhibits
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Figure 1. Schematic diagram of general formin structure,
summarizing results from several different systems.
FH1 domains have been shown to bind the actin-associated
protein profilin in vivo and in vitro, and also to bind SH3
domains and WW domains in vitro [1]. FH2 domains are impor-
tant for function, and are the site of the directed mutations in
two recent studies [5,6], but their precise role is unclear. FH3
domains are less well conserved but have been shown to be
important for formin localization [8,19]. The Rho-binding
domain, which in some formins overlaps with the FH3 domain,
can interact intramolecularly with the DAD (Dia-autoregulatory
domain) to inactivate the protein [2,3]. S. pombe for3p has been
shown to bind activated forms of S. pombe Rho-family
members rho3p and cdc42p, but not rho1p (K. Nakano, per-
sonal communication). In addition, in the budding yeast formins
Bni1p and Bnr1p, the carboxyl terminus contains a domain
which interacts with Bud6, a protein which binds actin and is
involved in budding polarity (bud6 and bni1 mutants have
similar phenotypes). The carboxyl terminus of for3p is suffi-
ciently similar to that of Bni1p and Bnr1p to suggest that it
binds S. pombe bud6p, which when mutated also yields a
polarity phenotype [10].
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immediate bipolar growth, while its sister shows only
monopolar growth. 
What is most striking about the non-equivalent pat-
terns of daughter-cell growth after each division is
that they can be predicted, on the basis of growth and
division in earlier cell cycles. Looking for any prior
cues which might correlate with post-division asym-
metry, Feierbach and Chang [4] found that the daugh-
ter cell which inherits the birth scar (a remnant of
septation) from the division of its grandmother is 30
times more likely than not to be the daughter cell that
undergoes immediate bipolar growth (Figure 2). It is
not yet clear whether the birth scar has any functional
role in this regard; it may simply reflect a previously
undetected cortical asymmetry. 
More formally, however, this result suggests that the
pattern of division and growth in for3∆ mutants might
be viewed as more of a ‘mother-daughter’ type, as seen
in the budding yeast S. cerevisiae, the major difference
being that in budding yeast we can easily distinguish a
mother from its (daughter) bud morphologically, whereas
in fission yeast, where there is no budding prior to divi-
sion, there may be only distinct regions of the cell
cortex that can be interpreted as ‘mother’ and ‘daugh-
ter’. According to this view, after cell division in for3∆
mutants, the cell containing ‘mother’ cortex would grow
in a bipolar fashion, and the cell containing ‘daughter’
cortex in a monopolar fashion (although this monopolar
daughter would produce a ‘mother’ at its next division).
By contrast, in wild-type S. pombe, both progeny of a
given cell division could be thought of as being born as
‘daughters’ and then both maturing to ‘mothers’, at
NETO, during the same cell cycle.
Such formalizations may be helpful to interpret the
data, but what is the molecular basis for the asymme-
tries of the for3∆ mutant? Although the for3∆ pheno-
type is novel, formins have been implicated in the
organization of actin filaments and, to some extent,
microtubules in a variety of cell types [1,12,13], and per-
turbations to either of these cytoskeletal systems are
known to alter patterns of polarized growth in S. pombe
[14,15]. When Feierbach and Chang [4] examined actin
and microtubule organization in for3∆ mutants, specific
phenotypes were seen in both systems, and these were
similar in both types of daughter cell. Cytoplasmic micro-
tubules in for3∆ mutants are clearly more numerous,
although no more or less dynamic, than those in wild-
type cells. Furthermore, unlike in wild-type cells, where
actin filaments are organized into cytoplasmic cables as
well as cortical patches, in for3∆ cells only cortical
patches can be seen, and these are somewhat disorga-
nized. Actin cables are completely absent in for3∆ cells
(Figure 3). An independent analysis of for3∆ mutants by
K. Nakano and colleagues (Univ. of Tokyo) has reached
similar conclusions (personal communication).
Do these defects in actin and microtubules indicate
separate functions for for3p, or can one phenotype be
understood as a consequence of the other? In the
absence of any additional data in S. pombe, recent
results from budding yeast weigh in heavily on the
side of the argument that a major role of formins, at
least in yeast, is in the formation and maintenance of
the actin cables. Budding yeast has two formins,
Bni1p and Bnr1p. These have a similar overall primary
structure to each other and to other formins, including
for3p (see Figure 1). Neither BNI1 nor BNR1 is essen-
tial, but Bni1p in particular has been shown to be
important for a variety of cellular behaviors mediated
through the actin cytoskeleton, including budding
pattern, mitotic spindle orientation, and the localization
Figure 2. Generalized patterns of cell growth over three gener-
ations of wild-type and for3∆ fission yeast.
Arrows inside cells indicate the direction of polarized growth.
Cell wall components at septa, and their resulting birth scars,
are colored differently for each generation. Polarized growth
results in new cell wall deposition at cell tips, beyond the birth
scar, which has the effect of ‘pushing back’ a birth scar from
the cell tip. See text for further details.
Wild-type for3∆
Division N(green birth scars)
Generation N+1, early
Division N+1(blue birth scars)
Generation N+2, early
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Figure 3. Above, a schematic distribution of actin filaments and
microtubules in wild-type and for3∆ S. pombe.
In the for3∆ mutant, actin cables are missing and cortical actin
patches are depolarized. More microtubule bundles are also
present. A for3p-GFP fusion protein is localized to cell tips [4],
which may be sites of actin filament formation. Below, a
schematic of changes in actin cytoskeleton in the S. cerevisiae
bni1-ts bnr1∆ mutants after temperature shift, as described in
[5,6].
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of partitioned mRNAs (see [6] for references).
Although Bni1p and Bnr1p appear to have somewhat
different cellular functions and interacting partners
[16–18], bni1∆ bnr1∆ double mutants are completely
inviable [16, 19], suggesting that Bni1p and Bnr1p play
essential roles in different but functionally redundant
pathways and/or that the two proteins share a
common overlapping essential function.
As in fission yeast, budding yeast actin filaments are
organized as cortical patches and cables, with cables
typically directed into the bud (Figure 3). In order to
study more directly the role of yeast formins in actin
organization, the Bretscher, Boone and Pellman groups
[5,6] used site-directed mutagenesis to create novel
temperature-sensitive bni1 alleles in a bnr1∆ back-
ground. The common and striking observation in these
experiments was a complete loss of actin cables in
cells within 2–4 minutes of a temperature shift, with no
obvious immediate change in cortical actin patches
(although these also became depolarized after about 15
minutes). In the bni1-ts bnr1∆ double mutants, proteins
whose localization to the bud tip depends specifically
on actin cables, such as Myo2p, Kar9p, and Sec4p,
were also soon mislocalized. Moreover, excess or
ectopic actin filaments could be induced by overex-
pression of Bni1p or mutant-activated derivatives of
Bni1p that lack either of the two interacting autoin-
hibitory domains (See Figure 1). These and other exper-
iments firmly indicate that yeast formins direct the
formation of actin filament precursors to actin cables.
To the non-expert, an actin filament-inducing func-
tion for Bni1p and Bnr1p in budding yeast would seem
capable of explaining many, if not all, of the mutant
phenotypes observed, either as direct or indirect con-
sequences of the loss of actin cables. It remains to be
seen, however, both whether this model will hold up in
every aspect, and to what extent Bni1p and Bnr1p are
functionally equivalent as filament inducers. In S.
pombe, the situation with for3p remains less clear.
Like Bni1p and Bnr1p [19], a for3p-GFP fusion protein
localizes to sites where actin filaments would be
nucleated (see Figure 3), and Feierbach and Chang [4]
present the reasonable hypothesis that actin cables,
absent in the for3∆ mutant, may be required to dis-
tribute an as yet unknown factor involved in symmet-
ric daughter cell growth. Given the state of our
knowledge about polarized growth in S. pombe,
however, it is not immediately apparent how the spe-
cific patterns of polarized growth observed in mutant
and wild-type cells would emerge from such a model.
Thus it may be premature to attribute all aspects of
the for3∆ mutant phenotype to a single (mal)function.
What is clear, however, is that the for3∆ mutant
should prove to be very useful in illuminating the role
of formins in actin organization in general. In spite of
the loss of actin cables, and in contrast to a budding
yeast bni1 bnr1 double mutant, the S. pombe for3∆
mutant is viable, and thus it should be possible to use
this mutant as the basis for a much deeper analysis
into which domains of for3p are important for specific
functions. At the same time, figuring out exactly how
the for3∆ mutant growth polarity phenotype is brought
about will yield even greater insight into regulation of
the cytoskeleton and cell polarity in this lovely yeast.
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